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ABSTRACT 

OBJECTIVE 

To evaluate the protection afforded against ballisti". attack by two 
T77 oscillating turret body castings, 

SUlUftRY 

The two T77 oscillating turrets were subjected to resistance-to- 
penetration tests with 90miri and 76nim armor piercing projectiles at 
various angles of attack. In addition a study -nas made of the possibility 
of keying the turret with small arms fire and the chance of passage of 
fragments into the turret through the opening between the turret body and 
the skirting ring. A.lso a wooden wedge was placed hand-tight betvreen the 
turret body and the skirting ring to determine whether oscillation could 
be hindered by objects of this nature. Gross weight of the castings ".m? 
checked. 

CONCLUSION 

The cast armor of -which these turrets were composed was sound, but 
the weight, 29,250 pounds, coupled with the ease with which the turret 
oscillation could be immobilised makes their adoption for use on combat 
vehicles somewhat quetitiomble. 

RECQL1MENIATI0N 

In view of the previously enumerated deficiencies, no further 
consideration be fiven towards adopting the T77 oscillating turrets in their 
present design for use on present day arraored combat vehicles, 

// /A z. .:.. ^"" 
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I.  INTRODUCTION 

A, DISCUSSION 

I, The interest displÄyed, in recent years, in the oscillating 
type of tank turret has been fostered by certain desirable design features 
which should add to its effectiveness in combat. The basic principle of 
operation of the oscillating turret is that the oscillating crew ccnpartment, 
■which mounts the -weapon, moves in elevation and depression on two trunnion 
pins anchored to a ring surrounding the base of the oscillating section. 
With this up-and-down oscillation motion the gun moves -with the turret and 
•will always recoil into the same space in the crew compartment thereby mak- 
ing the use of automatic loading devices practical. Another theoretical 
advantage of the oscillating turret is that with the recoil of the weapon 
confined to a given area the size of the turret could be reduced, thereby- 
resulting in a lower silhouette and possibly desirable weight savings. 

2,, Previously six T69 oscillating turrets were submitted by the 
Rheems Ifeinufacturing Company to the Proving Ground for a series of ballistic 
tests. These tests included resistance-to-penetration, keying and^locking 
from small arms fire of close tolerance surfaces, and the possibility of 
blast and fragments entering the turret between the oscillating section and 
the skirting ring. These tests were completed and the results published in 
Armor Test Report No. AD-1186 titled "Investigation of the Vulnerability 
to Ballistic Attack of Oscillating Tank Turrets". 

3, The results of these tests indicated certain design weaknesses 
inherent with the T69 oscillating turret. Some of the deficiencies noted 
were (1) a low level of protection furnished by the area under the gun 
shield opening T»hen attacked with projectiles of the 90mm AP T33 and 9Ctan 
HVAP lOOA class; (2) a direct flank attack on the trunnion assembly with 
the 90mm AP T33 projectile at 2000 fps resulted in severe damage to the 
trunnion bearings preventing further elevation and depression of the gun; 
(3) the close tolerance between 1fce skirting ring and oscillating section 
was undesirable due to the petalling from armor piercing projectiles ex- 
tending over the skirting ring and hindering further depression of the gun; 
(4) also, this same opening between the skirting ring and oecillAting 
section was extremely vulnerable to fragments and/or blast from small arms, 
fragmentation grenades, and 37ram HE projectiles entering the interior of 
the turret when a nylon splash shield was not present to trap these frag- 
ments and blast, 

A, Recently two oscillating turrets T77 were subjected to 
baUistis tests at the Proving Ground.  These turrets were designed by 
the Rheems Manufacturing Company and theoretically incorporated the 
recommendations nß de by the Proving Ground in armor test Report No. AD- 
1186.  These tests have been completed and are the basis of this report. 
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II o    DESCRIPTION OF IftTEKIEL 

A, Mft.TERIEL TESTED 

Two cast oscillating turrets for the 12Clmn gun derroloped by 
Rheems Manufacturing Company]    test turret No. 1, casting Serial No„ lj    and 
test turret NOo 2^ casting Serial Nc 3. 

B, aUNS AMD TUBES USED 

1,    Gun, 90™, T125, No« A with Tube., 90niin, T125, No, 38645 

2e   Gun., 76inm, T91E3, No« 336, with Tube, 7&nm, T91E3;, No. 24235 

3.   Gun, 37tam, M3^15 No, 86495 •with Tube, 37nim, 1I3Ä.1, No. 120006 

40   Rifle, Accuracy, Mann Type.  Caliber „50, No, 170 with Receiver 
No. 46, 

C, AMMDKETION 

1. Shot, AP, 90Bnn,, T33E7 with Windshield, Lot RTQ-4-16 

2. Shot, H7AP., 90mm5 1004 with Windshield, Lot IEM-3-4 

3. Shot, AP, 76inm, T12aE6 with Windshield, Lot M3C-5-50 

4. Shell, H.E., 3'71nm, M54 with Fuze, PD, M56, Lot L0D-SR-3 

5. Bullet, AP, Caliber .50 B2, Lot - Stock 

6« Grenade, Hand, Fragmentation, M2 (TMT Loaded) without fuze, 
Lot IS-SR-7 

III. DEBLIIg OF TEST 

A. PaOCEDORE 

1. Prior to all testing, the two oscillating turrets were 
measurei fee thickness by means of a supersoaia reflsctoscopeo The turrets 
wer«i marked off in appraximateüy 10s' x 10M squares and numbered for future 
raferanc®. A smooth spot was gr^and as close to the center of each square 
as surface conditions would pezmlt so that all measurements could be taken 
with the ref lectoscope „ One measurement was made in each block and a list 
of these measurements may be found fa? each turret in the Aberdeen Proving 
Ground Physical Test Laboratory Report contained in Appendix B. 
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2o During the ballistic tests, each casting -was mounted on a 
large turntable to allow tiie turret to be revolvBd so as to present the 
desired angle of attack 0 Each turret nas attacked frontaUy and at 
various flank angles measured from the longitudinal ajds of the turret. 

30 The protection ballistio limit criterion mus used as a basis 
for all testing. This criterion defines a complete penetration as one 
irhere the projectile impact causes metal to be displaced from the back of 
the p3Ate or the condition where projectile fragments pass beyond the back 
of the plate, A partial penetration is defined as one which does not meet 
ths requirements for a complete penetration defined above» In testing 
these turrets 3 the number of rounds which could be fired was limited by 
the size of the amor area. Ball is tic limits were therefore detemdned 
by averaging the velocities of a complete penetration and a partial 
penetration which were generally not more than 50 feet per second apart. 

B. RESUIJS 

The complete round-by-round results for each turret tested 
nay be found in Appendix C.    In view of the fact that each of the two 
turrets were tested using a different 9Ctaim projectile the results for 
each casting will be treated separately. 

1,   The folloning tabulation summarizes the ballistic limits 
obtained on the T77 turret, Serial No. 1. 

mm ££ MS™* AVG HlOTBCnON 
TÜRBET MOTEL THICKMESS BALUMET 
AMD MOMBHt COMETION CF ATPLCK inches fl» 

T77 - No. 1 90mn AP T33 Prdectile 

Direct Frontal Attack - Right side     5.17" 305^ 
30° Flank Attack - Left   side     2,74" 2786 

Direct Frontal Attack- Under Gun Shield   No Protection Bal. 
opening limit obtained- Low 

CP(P) =     2228 
7uBim AP T128E6 Projectile 

ÖO^lank Attack - Ri^it side- on bustle 3.04» 2626 
^"Flank Attack - Left side- on bustle     No Protection Bal. 

limit obtained- High 
PP(P) =     3049 

« 900 Flank Attack- Right side- on bustle   3«lDn 1426 

« 900 Flank Attack- Left side- on bustle     3.22« 1553 

» 
11 
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2,  In addition to subjecting the above turret to the referenced 
resistance to penetration tests several phases of testing were conducted 
to investigate the entrance of fragments between the turret body and skirt- 
ing ringfl and the keying or locking of close toleranoed surfaces by small 
arms fire,, 

3« Prior to detonating any HE shells or grenades the opening 
between the turret body and skirting ring was enclosed with tin foil to 
check the extent to which fragments could enter the inside of the turret 
through this openings  In this phase three MK 2 Fragmentation Greinades and 
two 37inm HE M5U projectiles were detonated around the circumference of the 
turret. Each round succeeded in completely destroying the tin foil on 
detonation,, indicating a very hazardous opening between the two main parts 
of the turret« 

i+o Eight rounds of caliber ,50 AP Jß were fired against turret 
No« 1, None of the rounds which impacted under the gun shield opening gave 
enough petalling to hinder the operation of the turret» One round which was 
fired from a direct rear attack into the close toleranoed surfaces between 
the trunnion bearing faces completely jammed the oscillation of the turret, 
A drawbar strain gauge-''re ad ing of Tust* lbs. was obtained with the projectile 
core locking the turret.  In a free lift after the core was cut out a reading 
of 6073 lbs, was obtained with the same gauge, 

5, Each of the four rounds of 9Qinm AP T33E7 projectiles fired so 
as to impact in the area under the gun shield opening, with the turret in 
maximum elevation,, resulted in complete immobilization of turret oscillation. 
Projectile fragments from the first round lodged between the turret body and 
skirting ring so tightly the body could not move, A drawbar strain gauge 
reading of 9373 lbs, was recorded but no movement of the turret was noted. 
The three remaining impacts resulted in face petalling extending over the 
skirting ring making it impossible to depress the turret before this petalling 
was removed with a cutting torch, 

6, Both of the trunnion bearings were subjected to a 90° flank 
attack„ measured 90° off the longitudinal axis of the turret, with the 90mm 
AP 153 projectile,  ühe right trunnion cap was impacted at a striking 
velocity of 2007 fps» The turret was immobilized with no apparent damage 
on the interior. The left trunnion was impacted at a striking velocity of 
200i| fps. An oil leak around the trunnion hub on the interior was noted. 
The turret was immobilized by this impact» Photograph B18291 depicts 
typical damage to the bearings as a result of these impacts. 

7, The following tabulation sumoarizes the ballistic limits ob- 
tained on the T77 turret,, Serial No, 3» 

* The drawbar strain gauge was positioned vertically, and attached to the 
ventilator opening on the roof of the turret bustle. 
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STJlflAET OF RESULTS 

AVG. Protection 
TURRET MODEL THICKllBSS BaLIimit 
AND NUMBER COHniTION CF ATTACK inchas fpe 

T77 - No« 3 90»mn HTAP- M304 Projectile 

ii Direct Frontal Attack- Right Side       4,20    352A 

»        30° Flank Attack- Left side 3«00    2880 

«       Direct Frontal Attack- Under Gun Shield   No BL(P) obtained 
opening      Loir CP(F) - 1976 

8, As with turret No0 ls  several phases of testing irere con- 
ducted on turret No» 3 to investigate the possibility of fragnont entrance 
between the turret body and skirting ring and the keying of the turret by 
small aims fire» 

9. Again; the opening between the turret body and the skirting 
ring was enclosed with tin foil to measure the extent to which fragments 
«•'ould enter the turret through this opening by blast of H E rounds or hand 
grenades,  Thr^e MK2 Fragmentation Grenades and tiro 3'3tam HE M54 projec- 
tiles were detonated around the cirjumference of the turret« Each round 
completely destroyed the tin foil-, again indicating a very hazardous 
opening between the two main parts of the turret« 

10. Six rounds of caliber o50 AP M2 were fired against turret 
NOa 3o None of the rounds which impacted under the gun shield opening 
produced enough petailing to hinder the operation of the turret. One 
round was fired from a direct rear attack into the close toleranced surface 
between the trunnion bearing faces of the turret body and skirting ring. 
This round completely immobilized the oscillation of this turrets  A 
drawbar strain gauge reading of 9450 lbs. was recorded with the projectile 
core locking the two surfaces together»  A strain gauge reading of 6375 lbs 
was obtained with the core removed« 

11« Each of the four rounds of 90mm HVAP projectiles which 
impasted in the area under the gun shield opening, with the turret in 
maximum elevation7 resulted in complete immobilization of the turret 
oscillation« The petalling on the face of the casting resulting from 
these impacts extended over the skirting ring making depression of the 
turret body impossible until these petals were burned off with a cutting 
torch« 

12« Both of the trunnion bearings were subjected to a 30° flAnk 
attack; measured 30° off the longitudinal axis of the turret, with the 90mm 
AP T33E7 projectile. The left bearing was impacted at a striking velocity 
of 2011 fps and the right bearing at a striking velocity of 2029 fpe« No 
interior damage was noted on either impact and there was no hindrance to 
the movement of the turret due te these two impacts« 
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C0    OBSaRVATIONS 

1     The T77 oscillating turret,  serial No. 1, *as weighed at the 
Proving Ground and a weight of 29,250 lbs. recorded. 

p      In an effort to detennine the vulnerability of the T77 turret 
2.    In an e"°J1' J"    .       two_foot long, narrowly-tapered, oaken 

design to nondef ^^.f't betwe^ the turret body and the skirting ring. 
vredge was inserted hf^-^f ^f r^gsible „ith the equipment on hand to 

■nr      mNCLUSIONS 

Based upon th. results of this test it is concluded that: 

A. No excessive badtspalUng or c-ctog «^tÄÄ the 

?rP^^SerUcsS Ä^'Ä" -a «s sound and „.vided 
a satisfactory limit of protection. 

u^^an thfs skirting ring and turret body casting 
B. The ^f .0?^e ÄeTf Scents into the fighting compart- 

presents an 0Pen^+
fo^^e

tPtS?69 oscillating turret indicate that a 

^p;Ä^ effectively protect against most 

of this danger. 

• u+ of th« bare castings of the turret and skirting ring, C, The weight of ^e bare casting        tical for adoption for any 
29 250 lbs, would make this turret Q^i-K" "»F 
of the present day armored combat vehicles. 

. -,   tn»+4r.« of the T77 turret can be prevented by 

^fef ^:hf o^gT^rrÄVorÄng J the Girting ring. 
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V.    REC0MMENIATIOK5 

Based upon the results of this test it is recommended that: 

In view of the excessive weight of the castingB and the vulner- 
ability of the turret to various forms of ballistic attack, no further 
efforts be made towards adopting the T77 oscillating tunwt H^stta prosent 
design for use on present day armored combat vehicles. 

SI3BMITTED: 

WIIUAM B. FRYE 
Ordnanoe Technician 

REVIEWED: 

f- 

TBTT.T.TA.M P..   PUSS ,  . 
Chief Chief >   kraae and Ajmmmitic 
Aimor Branch Effeotiveneas Dtvlaiai 

APPROTEDi 

'P/.Q.^f^ 
H. A. NCBIE 
Assistant Director 
Engineering Testing 
Developttnt and Proof Servlxjes 
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7 APPENDIX A 

QRI)TT_CVS_3 2d Ind   (C) RSBoone/gac/537A9 
00/50-23500 mrin ,„. 
STBJBCTs   Ballistic Test of Oscillating Turrets - T77 (U) 

AIQ(C) 451.6/62 
OL, CRD 0, TOtshington 25,   D. C,    5 December 1955 

TO:   CG, Aberdeen Proving Qrourid,   Iferyland 

la   It is requested that ballistic tests of 120-ma osciU*ttng 
turrets be conducted as outlined in basic latter, uLth the exception 
that tests should be limited to those necessary for evalaation of 
those aspects that are peculiar to the oscillating type turret. 

2,   Charges for this irork should be made against Project TT1-5, 
Priority IXJ. 

BT CdMIND CF 1BLJCR CHJMRAL CUMOQSs 

T T^T H. N. BROnBOT 
1     „/_ Lt Col,   Qrd Corps 

07 Assistant 
CC«    CG, Ord Taok-Autniv Ccmd /s/ 

(Attn: CRDIK-BCMB) J. F- SH^™ v Lt Col, Qrd Corp« 
Assistant 

RECEAXIUG ATI CANNOT BE HIKDBTEEICNBD 
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3 Ordnance Corps      (S?) 00/yC 23500 

DETROIT   ARSENM, 4.70.4/Det .Ars» 
2851 VAN DYKE AVENUE (19 Oct 55)0 
CENTER UNE, MICHIGAN 

PHONE JEFFERSON   6-5000 
IN REPLI   Bars. 47Do4/0C0(19 Oct 55)C AHFisher/T«s/24-106 
REFER TO    ORDMX-BCMB 

AR}(C) 451.6/62 OCT   19   1955 
SUBJECTS    Ballistic Test of Oscillating Turrets — T-77 (U) 
THRU? Commanding General 

Ordnance Tank-Automotive Command 
3.501 Beard 
Detroit 9j   Michigan 

TOt Chief of Ordnance 
Department of the Anny 
Washington 25,    D. C. 
ATTEMTIONs    CRDTT-CVS-3 

1. Based on the results of firings on the T-69 oscillating turrets as 
reported in Aberdeen Proving Ground Armor Test Report jJÄD-llSöjThe Rheem 
Manufacturing Company, Incorporated has designed a new oscillating turret 
(T-77)c This new turret incorporates the recommendations of the Proving 
Ground to provide improved ballistics and increased fragment resistance.   At 
tha present time two(2) T-77 turrets are at the Proving Ground anaiting test. 

2, A -vulnerability determination o*: these turret bodiea at various 
attack conditions is recommended with firings to be conducted with the follow- 
ing ammunition:    90öm AP 3hot5T33l 9Ctam H7AP projectile,1004j 76mm AP shot, 
T128E6| and caliber „50 AP bullet,M2e    It is suggested that the Proving 
Ground compare the T77 with the T69 model and determine the minimum number of 
firings which will present an adequate ballistic analysis of this turret,, 

3»      The following outline is suggested for the tests employing 9Qinm 
projectiles s 

a.   Attack frontally in the running position,,   Firs at exposed side 
areas and armor around gun« 

b«   Attack 30 degrees from longitudinal axis in running position - 
fire at all eaposures presented by turret sided firom both right and left 
flank attaako 

4.     The following outline is suggested for the testa employing 75mm AP 
projeotileai 

REGRADING DATA CANNOT BE HEUBTERMTNED 
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QREMX—ECMB 
SUBJECT:   Ballistic Test of Oscillating Turrets — T-77(U) OCT   19   1955 

a. Attack 60 degrees from the longitudinal axis in running posi- 
tion - fire at all expostures presented by turret sides from both flanks. 

b. Attack 90 degrees from longitudinal axis in running position - 
fire as in paragraph 4a. 

5. Inaamuch as the T69 turrets were very vulnerable in the trunion 
area, it is suggested that these areas be subjected to 9Qmni AP projectile 
impacts« 

6. It is also suggested that the clearances between the ring area and 
the turret area be again tested for splash and keying to deteiraine whether 
the deficiencies have been ajnproved over the earlier versions. 

7. In this particular tast only two (2) turrets have been submitted 
for testsi it is, therefore, reccmnended that the maxümm number of tests 
with the minimum number of rounds be .conducted. 

8. Sufficient notification to all interested parties shall be given 
by the Proving Ground in order that observers may be present. 

9. The recomaended time for ccn^letion of this test is 90 days after 
receipt of directive. The number of progress reports to b? P»P^^J^J 
be detenrined by the Proving Ground. The final report showld be distribttted 
in aoccrdnnce with the attached list. However, if Office, Chief of Ordnance 
so chooses, any additioos or deletions may be made at their dlacretion. 

10,     If clarification or expansion of this progiwn is dfsired, it is 
recommended that further ocmpwnioation with this Arsenal be initlAted*   The 
details ooncernlijg the actual rounds to be fired or tha number of ballistic 
limits to be dBtemdned stall be made by tiia Proving Ground. Upm oempletion 
of an bamstle tests,    thl« Government property nay be dljpoBed of in 
accordance with «cLsting regulations, 

FCR THE COMUMinENG OFFICER» 

W J. B, BOBS 
1 Inol Assistant 

1, Proposed Distribution List 

CC 
Aberdeen Prov Ground 

ATTN«    OREBG-DP-TT 
Mr, W. C. Pleas 

RBQRAnENQ IAU CANNOT BE FRSDBTStUINED 
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(37) 16361 
00/50    23500 3 

CEUMJ-R 1st Ind (U) 
lArs 470o4/0C0(19 Oct 55)C 
SUB.JECTs   Ballistic Test of Oscillating Turrets —   T-77 (U) 

4?0.4/Det Ars (19 Oct 55)C 
Hq., Ordnance Tank-Automotive Gcramandj 1501 Beard, Detroit 9*    Michigan 
25 October 1955 

APG(C) 451o6/62 
TOs   Chief of Ordnance, Dept of the Army,,   Washington 25,    D. C« 

ATTNs      CRDTT-CVS-3 

Outline of ballistici test of 1-77   is forwarded for concurrence and 
appropriate action» 

FCE THE COMMANDING GENERALs 

3 /s/ 

(S7) J. A. FINKEL 
1 Incl Colonel, Ord Corps 

n/c Assistant 

REGRADING IATA. CANNOT BE PREDETERMINED 
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HE&.DQIIAKTERS 
(A6) CPDN&.NCE ÜANK-AUTCMOTDTE COUUkUD 

DETROIT ARSE1ÄL BSpIxo/bg/24-106 
28251 VAN DTKE AVENUE 
CENTER UNK, IHCHXQ&N 

OTAC 400.112/Aberdeen Proving Ground 
IN HEPLT (16 AT^ 56) 
REFER TO 

oanc-ßici 2£ äsagaat 1956 
APO 470,5AS2( 1956) 

SUBJECT: Ballistic Testing of Oscillating Turret T 77 

TO: Caaonandlng General 
Aberdeen Proving Ground 
Aberdeen, Maryland 

ATTENTION: ORIBG-DP-TT, Mr, W, Pleas 

Due to the lack of funds at this Command, the Ballistic Testing of 
Oscillating Turret T 77 program should be terminated. It is wquested 
that the oscillating turret castings located at Aberdeen Proving Ground 
be disposed of in accordance -with AR 380-5, 

FOR THE COMMÄ.NDER: 

/«/ 

JOHN P, JONES 
Assistant 

GC 
CRnc-RC.2 
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ORDBC-DP-LP 

TEST OF> 

CONFIDENTIAL 

EHGIiraERIKG UBOrtATORIES \FWmX  B 
PHYSIOS TE3T LABORATORY REPORT 

Report No. 56~tJ-?6 

Two  (2) Oscillating Tank Shoot  1 of 
Turrets. T77, Serial Kos. 1 and 3. » m ,« « ^ incc iurr      * * Date of Teat     10 February 1956 

OBJECT OF TEST» «           .   j ,        »      u    *„,*   Conducted for   Mr. w.  rjSS  
To obtain the wall thickness .  „ .,,   ^.       **  *  , 

of the a?ovo turrets before test  Temlnal Ballistics Division 

at A?a, Project No.        T'ri-5/15  

1. Inatinmcntatioai 

P.cflectoocopc and calipers. 

2. Procodurot 

Referencos    None 

a 
>iuö mmiberod 

Tho turrets were marked off in approximately 10" x 10" sections 
nd (scci A?G Photoftraphs B1U80 thru 1U85, Appendix II). 

b  Tho collperc wore used in obtnininR the wall thickness where 
noaslblo. *Thc romaininir measuromenta required a smooth spot to bo ground 
S clo" to the center of each coction as eurf&ca conditions would permit 
so SÜL^onts could be taken with the reflectoscope. One measurement was 
obtained in each block. 

c. Sections 169 to 196 inclusive, are located on the skirt, "£ 
due to the contour, exact maximum thickness measurements could not be obtained. 
Thicknesses in these sections should be considered as approximate. 

d. Sections with letter "A" preceding number are located behind 
skirt and a continuation of corresponding number In photos, 

RESULTS; 

1, For data see Appendix I. 

2. For Photographs see Appendix II. 

2 Incls. 
Appendix I 
Appendix II C t 

7ui*r M-Ieasurements  ..(V 
Physical Test Laboratory.        Branch.      ^f' 

t 
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ORDBG-DP-LP Report No. 56-L-26 
Sheet 1  of  4_ 

Thickness Measurements of Oscillating Tank Turret, No. 1 

§?<?tA9P N?,, T^cHneffg Section No. TblsknMB. Section No. Thic^peg 

1 6.22" 36 5.70" 71 3.50" 
2 3.52 37 6.25 72 3.55 
3 2.50 38 3.00 73 3.75 
U 2.55 39 6.30 74 3.45 
5 2.35 40 6.60 75 3.80 
6 2.55 41 4.00 76 3.60 
7 3.00 42 6.40 77 3.00 
8 4.65 43 3.00 78 3.00 
9 3.75 44 5.60 79 2.75 

10 2.05 45 3.00 80 2.70 
11 2.05 46 3.00 81 2.80 
12 2.05 47 6.70 82 3.00 
13 2.05 48 3.00 83 3.00 
U 1.75 49 7.80 84 8.55 
15 2.75 50 4.25 85 2.40 
16 4.16 51 6.00 86 2.50 
17 4.60 52 3.00 87 2.60 
18 2.10 53 6.55 88 2.60 
19 1.90 54 4.20 89 3.00 
20 1.60 55 3.40 90 10.10 
21 1.90 56 2.00 91 2.80 
22 3.40 57 3.25 92 2.65 
23 4.40 58 3.10 93 2.60 
24 5.25 59 3.25 94 2.30 
25 3.05 60 3.35 95 3.00 
26 1.75 61 2.70 96 10.70 
27 1.50 62 2.25 97 2.80 
28 2.25 63 2.45 98 2.40 
29 4.00 64 8.55 99 2.65 
30 5.75 65 3.25 100 2.80 
31 5.75 66 3.05 101 3.10 
32 5.60 67 3.20 102 10.50 
33 4.30 68 3.40 103 2.70 
34 5.30 69 3.30 104 2.50 
35 5.30 70 3.20 105 2.60 

(Appendix I) 
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ültDCC-DP-LP 

£1?JZILI!2JL 

106 2.60" 
107 2.70 
108 10.30 
109 2.80 
11Ü 2.60 
111 2./.0 
,112 2.45 
113 2,85 
1U 10.05 
115 2.65 
116 2.25 
1J7 2.60 na 2.65 
139 2.75 
120 9.15 
121 2.70 
1^2 2.30 
133 2.00 
1 <:A 2.10 
125 3.05 
i2C 2.90 
U7 8.75 
128 8.75 
i;>7 2.52 
130 2.10 
131 2.b5 
132 2.20 
133 3.CO 
134 3.50 
135 2.60 

Pxport No . 56-L-26 
Sheet     2 . of     4 

SecU^n No, TMck'WHs Section Nof          JhjLf.Vnn 

136 2.10" 166 2.40" 
137 2.10 167 2.30 
138 2.80 1C1 2.<r> 
139 2.70 169 3.20 
140 3.23 170 3.00 
141 2.95 171 3.30 
142 3.10 172 3.30 
143 3.35 173 3.00 
144 3.45 174 3.20 
145 3.10 175 6.40 
146 3.45 176 8.00 
147 2.45 177 6.60 
148 3.30 178 8.30 
149 6.30 179 8.00 
150 
151 

9.15 
10.05 

180 
181 

5.00 
3.30 

152 10.30 182 3.00 
153 10.50 183 3.25 
154 10.70 184 3.00 
155 10.10 185 4.60 
156 2.65 186 3.00 
157 2.65 187 3.80 
158 2.50 188 4.40 
159 2.50 189 5.60 
160 1.95 190 8.10 
161 1.90 191 3.40 
162 1.85 192 6.60 
163 2.45 193 6.15 
164 2.40 194 4.60 
165 2.45 195 

196 
5,15 
4.15 

Behind Skirt 

Section No. 
Front 

Djicknosa 

34 A 5.20" 
36 A 5.45 
38 A 4.40 
41 A 5.90 
43 A 3.90 
45 A 3.65 
46 A 3.05 
51 A 4.00 
52 A 3.95 
53 A 4.95 

(Appendix I) 
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ÜKÜh'ü-JJl '-W Roport No. 56-L-26 
Sheet     3     of  4_ 

Sontlon Nof 
Back 

ThlcVnosp, 

77 A 3.05" 
78 A 3.10 
85 A 2.55 
91 A 2.80 
97 A 2.85 

103 A 2.80 
109 A 2.70 
115 A 2.65 
141 A 3.00 
146 A 

Serial No. 

3.40 

3 
Back Front 

Section Section Section Section 
No. Ihlckness Ho. Thickneno Np. TMfllnWBB No. Ihlfitoam 

151 10.20" 181 3.25" 77 A 3.60" 34 A 5.60" 
152 10.25 182 3.00 78 A 3.30 36 A 5.80 
153 10.30 183 5.00 85 A 3.10 38 A 4.40 
154 9.70 184 3.40 91 A 2.80 a A 4.90 
155 9.95 185 4.70 97 A 2.75 43 A 4.00 
156 2.80 186 3.10 103 A 2.50 45 A ?.90 
157 2.80 187 3.40 109 A 2.65 46 A 3.00 158 2.75 188 5.60 115 A 2.60 51 A 4.05 
159 2.60 189 7.00 141 A 2.95 52 A 4.15 160 2.05 190 5.80 146 A 4.00 53 A 5.20 
161 2.00 191 8.70 
162 2.00 192 8.00 
163 1.45 193 7.00 
164 1.45 194 6.00 
165 1.40 195 7.60 
166 2.35 196 3.35 
167 1.35 
16» 2.44 
169 7.20 
170 3.20 
171 3.00 
172 3.35 
173 3.20 
174 3.35 
175 7.30 
176 10.40 
177 5.50 
178 5.75 
179 10.95 
180 5.50 B-U 

(Appendix I) 
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APPENDIX C 

T77 OSCIIIATING TURRET 
Serial No, 1 
PHS-SE I 

Mg 2 Fragnentation Gbrenade - Lot No, IS-SR-7 

Grenade No. 2 - Grenade placed on dividing line of Areas 177 and 
178 on skirting ring dLrectly under gun shield opening« Turret at 0° 
Elevation.  Foil completely destroyed. 

Grenade No. 2 — Grenade placed on dividing line of Areas 177 and 
178 on skirting ring directly under gun shield opening. Turret at maac- 
imum elevation» Foil completely destroyed. 

Grenade No. 3 - Grenade placed on dividing line of Areas 115 and 
121 on skirting ring on the Right Rear Side of Turret tinder bustle. 
Foil completely destroyed« 

HASE U 

gfran H« E. M54 Splash Test 

Round No» 1 - Hit on the dividing line of Areas 42 and 44- on the 
center line of turret directly beneath the gun shield opening. Turret at 
0° obliquity - Foil completely destroyedo 

Round No, 2 - ttLt on dividing line of Areas 43 and 45 on the center 
line of turret directly beneath the gun shield opening» Turret in DBJC- 
inmm elevation»  Foil completely destroyed« 

PBISE III 

Caliber .50 AP M2 Keying Test 

Round No» 1 - Hit In Lower Right comer of Area 43 directly under 
gun shield opening» Some petalling - No hindrance to turret movement. 

Round No, 2 - Hit in lower left corner of Area 45 directly under 
gun shield opening» Some petalling - No hindrance to turret movement. 

Round No, 3 - Hit in Lower Left corner of Area 54 - 90° Flank 
Attack, Some petalling and cratering. No hindrance to turret movement. 

Round No. 4 - Hit in Lower Right comer of Area 54 - 90° Flank 
attack - some petalling - No hindrance to turret mcvement. 

Round No, 5 - Disregard. 

Round No» 6 - Fired from a direct frontal attack on the left side 
straight into the opening between the Trunnion Face on the turret and skirt- 
ing ring - Small fragment lodged in this opening. No damage to mobility of 
turret. 
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Round No, 7 - Disregard. 

Round No, 8 - Fired from a direct rear attack on the Right Side 
straight into the opening between the trunnion face on the turret and skirt- 
ing ring. Projectile iredged between machined face on skirting ring and into 
same surface on turret. Draw bar strain gauge reading 7484 lbs pall to move 
turret» 6073 lbs. pull required to move turret with projectile cut out, 

imSE IV 

Direct Frontal Attack - Right Side 

9Qmm AP T33E7 

* Rd, No. 1 Velocity 3056 fps Partial Penetration 

Hit at junction of Areas 24, 25,  30, 39. A-rorage Thickness - 5008». 
Scoop on face 8 1/An x 6n. - No face cracks - Rear surface Slight Bulge. 
2 l/z" Horizontal crack - Two 3/4" vertLoal cracks. 

* Rd, No, 2 Velocity 3059 fps       Complete Penetration 

Hit in Area 24, Average thickness = 5025". Scoop on face 9M x 6 l/2w. 
No face cracks - Rear surface - medium bulge 3W Horizontal crack - 1" Verti- 
cal crack - 3/4» x 3/A*   Back spall displaoed,, 

* Protection Ballistic Tinrit = 3058 fps, using Rounds 1 and 2 based on an 
average thickness of 5•17,,, 

PBkSE   V 

30° Front Attack - Lsft Side 

9aan AP T33E7 Projeotile 

Rd. No. 3 Velocity 3069 fps.        Complete Penetration 

Hit in Area 23. Average thickness m 4040
n. Scoop en face 8 l/A*  x 6n. 

Opening on face 4M x 3 3/4". No face cracks - Roar surfao« SD 5 23/26* x 
4 1/8», Pun. 0. 4 3/8" x 3 n/lfr"  - No cracks. 

Hd. No. 4 Velocity 2867 fps.        Complete Penetration 

Hit on dividing line of Areas 29 and 49, Average thickness = 5*90n. 
Scoop on face 8 1/8" x 6 l/4n. Projeotile-in-T)l»te.  Rear supface - Exit 
diameter 5" x 4 7/8u - No cracks. 

Rd„ No, 5 Velocity 2638 fps. Partial Penetration 

Hit on dividing line of Areas 22 and 29. Average thickness = 3«TO». 
Scoop on face 7 1/4" x 5n* No face cracks - Rear surface - Medium bulge. 
No cracks. 
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Rdo No« 6  Disregard 

* Rd. No. 7 Velocity 2819 fps.      Complete Penetration 

Hit in Area 22, Average thickness = 3.40". Scoop on face 9 l/2a x 4.". 
Opening on face 4n x 3 1/2"„ No face cracks. Rear surface - Exit diameter 
5 9/16" x 4 1/2".  Punching Out 4" x 3".   No cracks. 

Rd, No« 8 - Disregard 

* Rd. No, 9 Velocity 2752 fps.      Partial Penetration 

Hit on dividing line of Areas 21 and 28. Average thickness = 2»OS". 
Scoop on face 15n  x 4,,« No face cracks« Rear surface - Large Bulge. 
9 l/2n Vertical crack, 

* Protection Ballistic Lunit = 2786 fps, using Rds. No, 7 and 9. Based 
on an average thickness of 2.74". 

The following tiro rounds were fired into the same general area to 
confirm tiie above Ballistic lindto 

Rd, No, 10 Velocity 2823 fps.    Complete Penetration 

Hit In Area 16, Average thickness = 4«16".  Scoop on face 8 1/4" x 
5 3/4n, Opening on face 4 l/4M x 4"« No face cracks - Rear surface - 
Exit diameter 4 1/2» x 4 3/8M<, Punching Out 4 l/8» x 3 1/4». No cracks. 

Rd, No. 11 Velocity 2735 fps«    Partial Penetration 

Hit in Area 15, Average thickness = 2,75». Scoop on face 10 3/4" x 
3 7/8»» No face cracks - Rear surface - Slight bulge. No cracks. 

imSE VI 

Direct Frontal Attack - Under Gun Shield Opening 

9C>iim AP T33E7 Projectile 

Turret at Mfr-Hwimi KLevation 

Rd. No. 12 Velocity 2279 fps.      Partial Penetration 

Hit on dividing line between Areas 45 and 46, Average thickness = 3 »00» 
Scoop on face 10" x 7", No face cracks. Rear surface - Medium bulge - 
3« Vertical crack - Numerous hair cracks - Projectile fragments lodged 
between turret and skirting ring.  DratrtMir strain gauge reading of 9375 
lbs» failed to move turret, 

Rd, No, 13 Velocity 2315 fps.      Complete Penetration 

Hit in Area 45, Average thickness =3.00", Scoop on face 8"x 5". 
Petalling extending 2" overlapping skirting ring. Impossible to depress 
turret - Projectile in plate - Rear surface - Punching Out 52l,x 5" - No 
cracks on rear. 
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Rd, No, 2Ä Velocity 2228 fps.   Complete Penetration 

Hit in Area 420 Average thickness = 6.40". Scoop on face 6 l/4w x 5M. 
Opening on face 5" x 3 lA"« retailing extends 2" overlapping skirting ring. 
Impossible to depress turret - Rear surface - Exit diameter 6" x 5 13/16". 
Punching Out 3 1/2" x 3 1/2" - No cracks on rear. 

Rd. No, 15 Velocity 2093 fps.    Partial Penetration 

Hit in Area 4L,, Average thickness = ^eOO» Scoop on face 6 l/4" x A 1/2". 
Petailing extends 3 1/2" overlapping skirting ring., Impossible to depress 
turret. - Rear surface - large Bulge "Y" crack 7" x 2 l/2n* 

-* No Protection Ballistic limit obtained - Loir complete penetration = 
2228 fps. 

PH^SE VII 

90° FJUmk Attack - Left Side 

90nim AP T33E7 Projectile 

Rd, Not, 16 Velocity 3072 fps.    Partial Penetration 

Hit in Area 182, Average thickness = 3000". Scoop on face 8" x 5 1/4". 
Splatter on turret -  jjo damage to movement of turret» 

Rd. No, 17 Velocity 2004 fps.    Partial Penetration 

Hit on left trunnion cap. Scoop n 3/4" x 6 l/2n - Part of Trunnion 
cap displaced - Turret loctod in position - oil leak around trunnion nut 
on interior of turret, 

TBKSE   YUI 

90c ngak Attack - Right Side 

90Bm AP T33E7 ProjectilB 

Rd, No. 18 Velocity 2007 fpa.   Partial Penetration 

Hit on right trunnion cap. Scoop 7" x 5 l/2n« Turret Immobilized - 
No damage on interior. 
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FI&SE    IX 

60° Flank Attack - Right Side - on Bustle 

76inci AP T128E6 Projectile 

Rde No« 1 Velocity 2508 fpe.   Partial Penetration 

Hit on dividing line of Areas 145 and 148« Average thickness = 3,20"0 
Scoop on face 9 1/4" x 4M(, No face crack- Rear Surface - Slight bulge - 
No cracks» 

Rdo N0« 2 Velocity 2675 fps.  Partial Penetration 

Hit on dividing Une of Areas 136 and 2390   Average thickness - 2<,40". 
Scoop on face 10" x 31/2'» „ No face crack - Rear surface - Medium bulee - 
2" x 1 1/2» back spa?JL displaced. 

* Rdo No, 3 Velocity 2624 fps.  Partial Penetration 

Hit in Area 143. Average thickness = 3o351,o Scoop on face 9 1/2» x 4" 
No face cracks - Rear surface ~ Slight bulge - no cracks« 

* Rd. No« 4 Velocity 2628 fps0  Complete Penetration 

Hit on dividing line of Areas 137 and 1400 Average thickness - 2,78» 
Scoop on face 10 1/4» x 3 1/2»« No face cracks - Rear surface - Punchine 
Out 3" x 2». * 

Rd« Koo 5 Velocity 2596 fpe«  Partial Penetration 

Hit in Area 133« Average thickness = 3o00», Scoop on face 9 1/2» x 
3 3/4»o No face cracks. - Rear surface - Slight bulge. No cracks. 

»Protection Ballistie limit = 2626 fps. using Rounds 3 and 4 based on an 
average thickness of 36 04»,, 

PIASE  Z 

90° FJank Attack - Left Side 

76inm AP T128E6 Projectila 

Rd. No© 1  -  Disregard 

* Rd, No« 2 Velocity 1519 fps.    Partial Penetration 

Hit on dividing line of Areas 65 and 71, Average thickness = 3«38», 
Scoop on face 3» x 3»« No face cracks - Rear surface - Ifedium bulge - 
One 1/2» crack« 
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*- Rdo No, 3 Velocity 1586 fpe»    Caaplete Penetration 

Hit in Area 66, Average thickness = 3o05n - Projectile ateck in face - 
Rear surface - Punching Out 2 1/2" x 2 1/2"„ 

Rd. No, 4 Velocity 1506 fps.    Partial Penetration 

Hit in Area 72, Average thickness = 3o55tt. Scoop on face 3" x 3". No 
face cracks - Rear surface - Medium bulge, 3 1/2" vertical crack, 

* Protection Ballistic Limit = 1553 fps. using Rounds 2 and 3 based on 
an average thickness of 3o22"„ 

PHASE XI 
90° Flank Attack- Right Side - Tfemm AP T128E6 Projectile 

-;;- Rd. Noo 1 Velocity 1406 fps.   Partial Penetration 

Hit on dividing line of Areas 142 and 145. Average thickness = 3,10". 
Scoop on face 3" x 3". No face cracks - Rear surface - Msdium bulge, 
»V%  Crack 1" x 1 3/4» x 2 1/2". 

* Rd, No. 2 Velocity 1446 fps.   Complete Penetration 

Hit on dividing line of Areas 142 and 145. Average thickness = 3«10". 
Scoop on face 3" x 3", No face cracks - Rear surface - Medium bulge. large 
oraok 4" long 3/4" wide.  Fragments displaced, 

* Protection Ballistic limit = 1426 fps. using Rounds 1 and 2 based on 
an average thickness of 3»10w<. 

gttgg m 

60° Flank Attack ■  Left Side 

76mm AP T128E6 Projectile 

Ed. No. 1 Velocity 2671 fps.  Partial Penetration 

Hit on dividing line of Areas 68 and 74. Average thiclmeas = 3 043". 
Scoop on face 7 5/8" x 4 1/2». No face cracks - Rear surface - Medium bulge 
4" Crack, 

Rd. Nu8 2 Velocity 2806 fps.   Partial Penetration 

Hit on dividing line of Areas 67 and 68, Average thickness = 3*30". 
Scoop on face 8 1/4" x 4 l/2". No face cracks - Rear surface - Medium bulge. 
"X" Crack 1" x 2", 

Rd. No0 3 Velocity 2859 fps.   Partial Penetration 

Hit in Area 69. Average thickness = 3•30». Scoop on face 9» x 4 1/2». 
No face cracks - Rear surface - Small bulge.   No cracks« 
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Rd. No, U Velocity 30A9 fps      Partial Penetration 

Hit on dividing line of Areas 68 and 69. Average thickness = 3»35M- 
Scoop on face 8 3/4w x S". No face cracks - Rear surface - Medium bulge. 
Irregular shaped crack 2 3AM. 

Rd, No. 5 Velocity 2682 fps      Partial Penetration 

Hit on dividing line of Areas 69 and 70, Average thickness = 3•25,,. 
Scoop on face 9 1/2" x 4 1/2*,    No face cracks - Rear surface - Medium 
bulge - Un  Crack, 

Rd, No, 6 Velocity 2653 fps     Partial Penetration 

Hit in Area 68. Average thickness = 3«40H. Scoop on face 9 1/2" x 
U 1/4", No face cracks - Rear surface - Small Bulge,  No cracks. 

* No Protection Ballistic limit obtained. High partial penetration = 
3049 fps. based on an average thickness of 3.35"• 
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T77 OSCIIIATING TURRET 
SHUAL No. 3 

PHASE   I 

MK2 FRAQMEmTIQIJ GREMDE - Lot No. IS-SR-7 

Gremde No. 1 - Orenade nas placed on the dividing line of Areas 177 
and 178 on the skirting ring directly vmder the gun shield opening. Turret 
TOS at 0° elevation.  Foil -was completely destroyed. 

Grenade No« 2 - Grenade nas placed in the upper center portion of 
Area 176 on the skirting ring below and to the left of the gun shield open- 
ing,, Turret nas at 0° elevation. Foil ms completely destroyed. 

Grenade No, 3 - Grenade nas placed on the dividing line of Areas 191 
and 192 on the skirting ring below the rear portion of the turret under the 
bustle.  Turret -was at 0° elevation« Foil -was completely destroyed. 

PHASE n 

37hm H. E. M54 - Splash Test 

Rd, No, 1 - Hit at -üie lower intersection of Areas 42 and 44 on the 
turret directly beneath the gun shield opening. Turret was at 0° obliquity. 
Foil was completely destroyed, 

Rd, No, 2 - Hit at the lower intersection of Areas 44 and 47 on the 
turret belcw and slightly to the right of the gun shield openLngo Turret 
was at 0° elevation. Foil was completely destroyed« 

PHASE III 

Caliber ,50 AP IC - Keylng Teat 

Rd« No« 1 - Hit in lower right comer of Area 43 directly beneath the 
gun shield opening. There was some petalling, but it did not hjn^r the 
turret movement. Turret was at w^-rj^mn elevation. 

Rd, No, 2 - Hit in loner center portion of Area 45 directly beneath the 
gun shield opening. There was some petalling» but not enough to hinder the 
movement of the turret. Turret was at msodmum elevation, 

Rd, No, 3 - Disregard 

Rd, No, 4 - Disregard 
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Rd. No. 5 - Hit in lower right corner of Area 54 - 90° flank attack 
on the left side of the turret. There -was some petalling, but not enough 
to hinder the movement of the turret. 

Rd, No* 6 - Fired from a direct rear attack on the right aide straight 
into the opening between the trunnion face on the turret and skirting ring. 
The projectile wedged between the machined faces on the skirting ring and 
turret, nra-wbar strain gauge reading of 9450 pounds pull to move the turret. 
Alter the projectile was removed, 6375 pounds of pull was required to move 
the turret. 

PHft.SE IV 

Direct Frontal Attack - Right Side 

9Ctom HVAP M304 

* Rd. No. 1 Velocity 3513 fps     Partdal Penetration 

Hit in left side of Area 24. Average thickness = 5«35,,. Scoop on 
face U 1/2» x 5 l/2n. No face cracks. Rear surface - medivnn bulge. 
No cracks, 

* Rd. No. 2 Velocity 3515 fi»   Complete Penetration 

Hit on line between Areas 24 and 25, Average thickness = 3,05M. 
Scoop on face 11 V/S" x 6n - entrance diameter = 3 l/Z« x 3", Rear 
surface - punching effect 4 l/2n x 3 1/4", 

Rd. No. 3 - Disregard 

* Protection Ballistic limit = 3514 fps, using rounds 5 and 6 based on 
an average thickness of 4,20". 

FHA.SE V 

30° Front Attack - Left Side 

90m HVAP M304 

* Rd. No, 1 Velocity   2895 fps. Complete Penetration 

Average thickness = 2045M - Scoop on face, 8" x 3W, extended from the 
center to the upper left portion of Area 28 - four small face cracks about 
ln in length - entrance diameter was 3 1/4" x 1 3/4,,.   Ebcit diameter 
4t, x 2 7/8» -   one 2» crack below exit hole. 
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* Rdo N ;„ 2 Velocity   2S64 fps Partial Penetration 

Average thickness = 3o55". Scoop on face, 7 1/4" x 3 3/4", hit upper 
portion of Area 29 - No face cracks - depth of penetration = 1 3/4"„    Rear 
surface - slight bulge mth a T-shaped crack not greater than 1M in length» 

* Protection Ballistic limit =   2880 fps, using rounds 1 and 2   and based 
on an average thickness of 3•00l!,. 

PHASE   VI 

Direct Frontal Attack Under Gun Shield Opening 

90mni   H7AP   M3Q4 

Turret at Marimaiii ElgTStion 

Rdo No, 1 Velocity   2031 fps       Complete Penetration 

Hit in lower central portion of Arsa 45. Average thickness =   3o00n. 
S ; op on face = 3" x 2 l/2tt - entranoe ■iianteter' = 2 l/^ x 1 3/4,,. Petalling 
n ImeT portion of entraaice hole ~ Nc fa^;e tracks.    Rear surface - petalling 

- exit diameter = 4 1/2* x 3 1/4",   Front petalling permitted the turret to 
oscillate only 1/4 of an inch before being keyed to the skirting ring, 

Rd, No, 2 Vel ..dty   1925 fps Partial Penetration 

ffi.t in the central portion of Ar-ja 42o   Average thickness = T11,    Scoop 
on fa<v3 = 3 1/2» x. 2 l/& - entrance diametaT 2 3/A* x 2 l/&* - petalling 
or. i^wei." prrtion of entrance hole« Nose of projectile broke and remained 
in -Üie tarret. Rear surface - neilium twlge with cracks up to S" in length, 
Frx.t petalling permitted the turret t.->  .iScillAte 6M befoi« being keyed to 
tha skirting ring, 

Rl. No» 5 Velocity   1976 fps.      Complete Penetration 

Hit in lower left comer of Area 46, Average thickness = 4,00" „    Scoop 
on face = 3 3/4w x 3" -    antranoe diameter = 2 3/4* x 2W -   petalling on 
lower right side of entrance hole -   face cracking.    Rear surface - aidt 
diameter 2" x 2n - spalling area 4'' x S".   Front petalling permitted the 
turret to oscillate 1 1/2* before being keyed to the skirting ring, 

■» N.  Pr teotion Ballistic limit obtained - Loir complete penetration = 1976 fps. 
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FHkSE   m 

30° FIANK ATTACK - IEFT SIDE 

90nm AP T33E7 

Rd. No, 1 Velocity 2013. fpe.    Partial Penetration 

Hit in Area 185. Average thickness =5.00». Scoop, 11 1/2* x 5 1/2", 
began at the left central portion of Area 183 and extended to the right 
till it affected the left cap bj displacing it 1/2" outward from its 
original position. Depth of the scoop nas 2", Both cap screws were 
sheared off. Oscillation of the turret was not hindered. 

PHft.5E VII 

30° FIANK ATTACK - RIGHT SIDE 

90nm AP T33E7 

Rd. No. 1 Velocity 2029       Partial Penetration 

HLt in Area 171. Average thickness 3»00tt. Scoop, U 7/8" x 5", 
began on right upper portion of Area 171 and extonded to the right cap. 
Depth of scoop was 1 3An. Oscillation of the turret was not hindered. 

PHASE VUI 

WOODEN  WEDGE 

One wooden wedge was placed by hand between the turret and skirtiag 
ring directly belor the gun shield hole. The results proved that the 
wedge sufficiently keyed the turret and skirting zing and prevented 
osoiUation« 
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APPENDIX D 

B18259:    View of trunnion bearing cap on right side showing external damage after being 
attacked with a 90mm APT33 Projectile at a striking velocity of 2007 fps. 
Turret immobilized by impact. 
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B18260:    View of trunnion bearing cap on left side showing external damage after being 
attacked with a 90mm APT33 Projectile at a striking velocity of 2004 fps. 
Turret immobilized by impact. 
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'I I 
B18291:    Photograph of interior damage to the left trunnion bearing after being impacted 

with one 90mm,  AP,   T33E7 Projectile at 2000 fps level.    (1)   Bearing race 
ring shattered on impact,  (2-3-4) roller bearing« shattered on impact,  (5-6) 
roller bearing deformed on impact. 
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B 18538:    Outside view of the left side of the turret (front) showing impact damage of ten 
76mm AP T128E6 projectiles.    Four 76mm AP projectiles were fired at 0° 
obliquity in sections 65,  66,   71 and 72.    Hole in the lower right corner of sec- 
tion 66 was^ caused by a disregarded round.    Six 76mm AP projectiles were 
fired at 60     obliquity in section 67,   68,   69,   70,   74 and  75. 
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B18539:    Out.ide view of the right side of the turret (front) showing impact damage of 
e^ght 76mm AP T128E6 projectiles.    Three 76mm AP projectiles were fired 
at 0    obliquity in sections  142.   145 and  146.    Five 76mm AP projectiles were 
fired at 60    obliquity in sections  133.   136.   137.   139.   140.   143.   145 and 148. 
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B18540:    Effect of four 90mm AP,   T33 projectile impacts from direct front below the 
gun shield of the turret.     Interior view. 
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^V 

B18541:    Inside view of the left side of the turret (rear) showing damage of nine 76mm 
AP T1Z8E6 projectiles.    Three 76mm AP projectiles were fired at 0° obliquity 
and six were fired at a 60    obliquity.     A tenth round was disregarded and is 
covered by the scale. 
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B18542-    Effect of two 90mm AP,   T33 projectile impacts from 
right  side of the turret.     Exterior view. 

direct front against the 
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B18543:    Effect of eight 90mm AP T33 projectile impacts from a 30    flank against the 
left side of the turret.    Exterior view. 
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B18544:   Effect of eight 90mm AP T33 projectile impact» from a 30    flank against the 
left side of the turret.    Interior view. 
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«r'fc* 

B18545:    Effect of two 90mm AP T33 projectile impacts from direct front against the 
right side of the turret.    Interior view.    Arrows point to the locations of two 
cracks. 
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B18546: Inside view of the right side of the turret (rear) showing damage of eight 76mm 
AP T128E6 projectiles. Three 76mm AP projectiles were fired at 0 obliquity 
and five were fired at a 60° obliquity. 

D-12 

CONFIDENTIAL 



■^r——^^ 

CONFIDENTIAL 

B18547:   Effect of four 90mm AP T33 projectile impact« from direct front below the gun 
•hield of the turret.    Exterior view. 
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